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5 [TITLE OF THE INVENTION] 

HIGH PRESSURE SODIUM VAPOR DISCHARGE LAMP [BRIEF DESCRIPTION OF THE 

DRAWINGS] 

The figure is a longitudinal sectional view for a discharge 
lamp of the present invention. 

10 

[DETAILED DESCRIPTION OF THE INVENTION] 

The present invention relates to improvement of a sodium vapor 
discharge lamp. With the improvement, the lamp is made small and, 
to have high efficiency and high color rendering properties. 

15 The sodium vapor discharge lamp which has an arc tube with 

sodium sealed in is provided in a heat insulating big glass outer 
tube, has a sodium steam pressure of the arc tube under steady state 
illumination conditions being l(r 3 mmHg. The lamp has the highest 
luminance efficiency among various conventional discharge lamps. 

20 However, the conventional sodium discharge lamp has various defects. 
That is the emitting light is almost yellow monochromatic ray and 
the color rendering properties is tremendously bad, therefore it does 
not fit for general illumination. The above-mentioned sodium steam 
pressure of 10" 3 mmHg or so is considered as a prerequisite for realizing 

25 close to the maximum luminance efficiency of a lamp. However to realize 
the maximum efficiency, furthermore it must meet a condition that 
there is a long discharge path of no less than tens of centimeters, 
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therefore the lamp has become extremely large that it is very 
inconvenient to handle. Also to achieve uniformity of sodium stream 
distribution in the tube, it is necessary to add a special twist to 
the arc tube structure, and there will be a practical limit that the 
5 lamp should be lit up in almost a horizontal direction. 

Meanwhile, for example, if a discharge is performed in a high 
pressure sodium steam of 200mHg or so, high luminance efficiency and 
an excellent color rendering properties of a color close to a white 
color can be realized in a short discharge path. However, to achieve 
10 the above-mentioned sodium steam pressure of 200mHg or so in an arc 
tube, there should be no low- temperature being under 750 °C part on 
the wall of the arc tube in which sodium is sealed. 

The present invention is to provide a high pressure sodium 
discharge lamp of which a structure is small, simple and of high 
15 efficiency, of excellent color rendering properties , and is convenient 
for practical use . That is the discharge lamp of the present invention 
is characterized in that the discharge lamp comprises an arc tube 
body on which electrodes are provided respectively on both ends, to 
which sodium and inactive gas for generating electricity is sealed 
20 in, and which is made of sodium resistant translucent porcelain with 
a softening temperature no less than 1500 °C; a heat insulating arc 
outer tube supporting the arc tube concentrically supporting the arc 
tube therein, by forming the heat insulating arc outer tube with a 
heat-resistant glass with a softening temperature of no less than 
25 10 0 0 °C, and by selecting an internal diameter of the part of the outer 
tube surrounding the arc tube circumference to be in a range of no 
more than 10 times and no less than 3 times or so of the arc tube 



external diameter, the arc tube wall load under steady state 
illumination conditions is no less than 2 0 W/cm 2 or preferably no more 
than 90W/cm 2 , and the minimum temperature part of the arc tube is in 
a range of no less than 750 °C and no more than 800 °C . 
5 The following describes about an embodiment of the discharge 

lamp of the present invention with reference to drawings . An arc tube 
including an arc tube 1, is made from a translucent alumina porcelain 
and is of a straight pipe shape, and the diameter is 10 mm or so and 
the length is 10 0 mm or so. The porcelain can withstand high heat 
10 of 2000 °C or so, can transmit visible radiation, and is sodium resistant . 
The both ends of the porcelain 1 are blocked and closed up by heat 
resistant metal plates 2 and 2' of such as titanium, and electrodes 
3 and 3' are provided in an extended condition on an inner wall of 
the metal plate respectively, and sodium and for example neon-based 
15 inactive gas with a pressure of 20mmHg or so for generating electricity 
is sealed in the tube body. Furthermore, on the external wall of the 
metal plates 2 and 2', short porcelain tubes 4 and 4' having 
approximately the same diameter as the tube body 1 are respectively 
attached concentrically. The porcelain tube is for lessening the 
20 distortion on the metal plates 2 and 2' . The outer tube 5 concentrically 
supporting from the inside of the arc tube is made from heat-resistant 
glasses of which the softening temperature is no less than 100 0 °C 
such as a quartz glass or high silica glasses (name of commodity is 
vycor glass) etc. , and it is of nearly straight pipe shape. The part 
25 of the outer tube surrounding the arc tube circumference is selected 
to have an inner diameter with a range of approximately no more than 
10 times and no less than 3 times of the arc tube external diameter, 



and it is made vacuum or inactive gas such as argon is filled up in 

the outer tube. 

Two pieces of lead-in conductive rods 6 and 7 are attached 
to one of the ends of the outer tube, and an electrode 3 lead-out 

5 wire of one side of arc tube 1 is connected with the conductive rod 
6, and electrode 3 lead-out wire of another side of the arc tube is 
connected with the other conductive rod 7 via a lead-wire 8 which 
is bent in a square bracket shape and provided in parallel on the 
side surface of the arc tube. In this embodiment, lead wire 8 is made 

10 to be mechanically strong with heat-resistant metal such as tungsten 
etc., so that the lead wire 8 also has the effect of supporting the 
arc tube . 

The structure of the above-mentioned discharge lamp of the 
present invention is designed to make the wall load of the arc tube 

15 1 under steady state illumination conditions being no less than 2 0 
W/cm 2 , and preferable no more than 90 W/cm 2 . That is, when discharge 
is generated with a voltage applied, the temperature of the center 
tube wall under steady state illumination conditions turns to be in 
a range of from approximately 15 0 0 °C to nearly 2000 °C, and the end 

20 of the tube of which the temperature is lowest turns to be an appropriate 
temperature with a range of 750 °C to 800 °C, sodium steam with a pressure 
of from 2 0 0mmHg to 3 0 0mmHg filled up in the tube, and for example 
a light having a continuous spectrum of nearly white color with an 
efficiency of approximately lOOml/W is emitted. And the temperature 

25 of the wall part of the outer tube 5 facing the center portion of 
the arc tube which is lighted up turns to be for example 10 0 0 °C or 
so . 
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The above-mentioned tube wall load of the arc tube 1 with 
no less than 20W/cm 2 or so gives out the minimum heat that is required 
to the arc tube, and together with the heat insulating effect, the 
above-mentioned suitable temperature of the arc tube lowest 
5 temperature part is realized. However when the diameter of the part 
surrounding the arc tube circumference of the outer tube 5 is nearly 
more than 10 times of the arc tube diameter, the heat insulating effect 
is reduced and it is difficult to realize the suitable temperature 
of the above-mentioned arc tube. Also when the diameter of the outer 
10 tube becomes no more than 3 times of the arc tube diameter, or the 
arc tube wall load becomes no less than 9 0W/cm2 or so, the temperature 
rising of the arc tube becomes excessive so that not only it is difficult 
to maintain the suitable temperature of the arc tube lowest temperature 
portion, but also there will be danger of transformations or damages 
15 caused by overheating of the center of the tube. 

Also, the inside supporting of the arc tube to the out tube 
5 may also be realized in a manner that fitting an appropriate support 
into the ends of the arc tube and engaging the support with the inner 
wall of the outer tube 5. However, it is of advantages if the lead 
20 wire 8 supports the arc tube so that the tube ends portion does not 
contact with other object, because the temperature difference between 
the tube end portion and the tube center portion can be reduced so 
that the heat load can be reduced. 

A test model discharge lamp comprising an arc tube body 1 
25 of which the external diameter is 10mm or so, the inner diameter is 
8mm or so, and the length is 100mm or so; electrodes 3 and 3 ' of a 
height of 2 0mm or so which are provided in an extended condition on 
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both ends of the arc tube body 1, and the arc tube is supported in 
the outer tube 5 with an inner diameter of 7 0mm inside of which vacuum, 
when it is in a steady state illumination conditions with a tube voltage 
of 5 0V or so and a tube current of 10A, the lamp emits a nearly white 
5 color light with approximately 40,000 lumen, and the efficiency and 
the color of the illumination is constant independent of the direction 
of the illumination of the lamp such as horizontal or perpendicular 
direction. 



10 [CLAIM] 

1. A high pressure sodium steam discharge lamp, comprising: 
an arc tube including electrodes being respectively provided 
on both ends of a translucent porcelain tube which is sodium resistant 
and of which the softening temperature is no less than 15 0 0 °C, in 

15 which inactive gas and sodium are sealed; 

an outer tube made from heat insulating glass with a softening 
temperature being no less than 1000 °C operable to support the arc 
tube concentrically, of which the inner diameter of the part surrounding 
the arc tube circumference is selected to be in a range of no less 

20 than 3 times and no more than 10 times of the arc tube external diameter, 
wherein 

an arc tube wall load under steady state illumination 
conditions with a predetermined voltage is no less than 20 W/cm 2 . 
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